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Objective: To develop a whole joint scoring system, the Anterior Cruciate Ligament OsteoArthritis Score
(ACLOAS), for magnetic resonance imaging (MRI)-based assessment of acute anterior cruciate ligament
(ACL) injury and follow-up of structural sequelae, and to assess its reliability.
Design: Baseline and follow-up1.5 TMRI examinations from20patients of theKANONstudy, a randomized
controlled study comparing a surgical and non-surgical treatment strategy, were assessed for up to six
longitudinal visits using a novel MRI scoring system incorporating acute structural tissue damage and
longitudinal changes including osteoarthritis (OA) features. Joint features assessed were acute osteo-
chondral injury, traumatic and degenerative bone marrow lesions (BMLs), meniscus morphology and
extrusion, osteophytes, collateral and cruciate ligaments including ACL graft, Hoffa-synovitis and effusion-
synovitis. Cross-sectional (baseline) and longitudinal (all time points and change) intra- and inter-observer
reliability was calculated using weighted (w) kappa statistics and overall percent agreement on a
compartmental basis (medial tibio-femoral, lateral tibio-femoral, patello-femoral).
Results: Altogether 87 time points were evaluated. Intra-observer reliability ranged between 0.52
(baseline, Hoffa-synovitis) and 1.00 (several features), percent agreement between 52% (all time points,
Hoffa-synovitis) and 100% (several features). Inter-observer reliability ranged between 0.00 and 1.00,
which is explained by low frequency of some of the features. Altogether, 73% of all assessed 142 pa-
rameters showed w-kappa values between 0.80 and 1.00 and 92% showed agreement above 80%.
Conclusions: ACLOAS allows reliable scoring of acute ACL injury and longitudinal changes. This novel
scoring system incorporates features that may be relevant for structural outcome not covered by
established OA scoring instruments.
 2014 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Anterior cruciate ligament (ACL) injuries are common and
serious joint injuries leading to at least 200,000 ACL re-
constructions performed each year in the United States withF.W. Roemer, Department of
iliansplatz 1, 91054 Erlangen,
68.
e, froemer@bu.edu, frank.
ternational. Published by Elsevier Lestimated direct costs of $3 billion annually despite a lack evidence
for superiority in comparison to non-operative treatment1. The
purpose of ACL reconstruction is to improve stability of a me-
chanically unstable knee and to reduce the risk of subsequent
meniscal or chondral damage and ultimately osteoarthritis (OA)2,3.
However, long-term radiographic studies suggest that ACL recon-
struction may not protect against the development of post-
traumatic OA4,5 with reported rates of OA varying between 10%
and 90% at 10e20 years after the ACL injury2,4e8.
In the KANON study, a randomized controlled trial comparing a
surgical and non-surgical treatment strategy, a prevalence oftd. All rights reserved.
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be 12% and 19%, respectively, at 5 years post trauma, with no dif-
ferences in regard to treatment arm9. However, radiography is only
able to depict osteoarthritic joint changes late in the disease course
once overt osseous adaptations are detectable10. Pre-radiographic
tissue alterations may be visualized by magnetic resonance imag-
ing (MRI) with a recent study reporting such changes in more than
90% of knees without radiographic OA in a population based
study11. A recent systematic review and meta-analysis showed that
macroscopic cartilage alterations are detectable as early as 2 years
post trauma preceded by ultra-structural and functional changes in
the lateral and medial compartment12. Others have reported
concomitant cartilage damage for all ACL injured knees already at
the time of injury13. Meniscal lesions and meniscectomy, presence
of bone marrow lesions (BMLs), and persisting altered biome-
chanics, possibly further inﬂuence cartilage change following ACL
disruption regardless of treatment12.
Several semiquantitative MRI-based scoring systems for the
cross-sectional and longitudinal evaluation of knee OA are avail-
able14e17. However, these instruments are only partially applicable
for the assessment of ACL injury as they do not include a detailed
description of the baseline injury pattern, which may predict
outcome18. Further, subchondral bone changes due to trauma need
to be differentiated from degenerative BMLs, which are also not
covered by commonly used OA scoring tools. Finally, graft assess-
ment and indirect MRI signs of instability such as anterior tibial
shift and increased posterior cruciate ligament (PCL) bowing need
to be incorporated19e21. Given the individual and socio-economic
burden of ACL injury and subsequent development of OA, there is
a need for reliable instruments to describe the baseline injury and
monitor the development of post-traumatic structural joint alter-
ations1,12. As there is a need for individualized treatment strategies
of ACL injuries, there is also need for a tool that is able to cover
structural changes in a non-invasive fashion in surgically and non-
surgically treated joints in order to evaluate efﬁcacy of such indi-
vidualized treatment10. MRI is widely available in both the clinical
and research environment. Due to its capabilities of visualizing all
relevant joint components, longitudinal MRI assessment will
enable a better understanding of the natural history of post-trau-
matic structural damage, deﬁne risk factors for unfavorable
outcome, and assess the structural outcome of treatment10,22.
The aim of the present study was to describe an MRI-based in-
strument, the Anterior Cruciate Ligament OsteoArthritis Score
(ACLOAS), that incorporates acute traumatic and subsequent
degenerative alterations, and to test its reliability.
Methods and design
KANON study and subject inclusion
The KANON study is a randomized controlled trial (ISRCTN
84752559) comparing a surgical and non-surgical treatment
strategy of acute ACL injuries including 121 subjects with an acute
ACL injury in a previously un-injured knee9,23. Subjects were
randomly assigned to structured rehabilitation plus early ACL
reconstruction (i.e., surgical treatment arm) or to structured reha-
bilitation plus optional delayed ACL reconstruction (i.e., non-
surgical treatment arm). A subset of 63 subjects were followed
intensely with MRI over the ﬁrst year after injury (baseline, 3
months, 6 months and 1 year after injury), and were assessed at
year 2 and year 5 in addition. 62 participants had MR images
available at the baseline, the year 2- and year 5-visit only. For
several reasons, not all participants were able to attend all MRI
visits leaving in total 120 subjects with anyMRI visit. Of these, eight
had two visits, 46 had three visits, two had four visits, four had ﬁvevisits and 57 had six visits available for assessment. For 119 sub-
jects, the baseline visit was available. The study was approved by
the ethics committee of Lund University (LU 535-01).
MRI acquisition
MRI was performed using a 1.5 T system (Gyroscan, Intera,
Philips, Best, Netherlands) with a circular polarized surface coil
using identical sequences for all subjects and all time points. The
MRI pulse sequence protocol consisted of a sagittal 3D water
excitation Fast Low Angle Shot (FLASH) sequence with repetition
time (TR)/echo time (TE)/ﬂip angle of 20 ms/7.9 ms/25 and a
sagittal T2*-weighted 3D gradient echo (GRE) sequencewith TR/TE/
ﬂip angle of 20 ms/15 ms/50. Both series were acquired with a
15 cm  15 cm ﬁeld of view (FOV), 1.5 mm slice thickness, and
0.29 mm  0.29 mm pixel size. In addition, a sagittal and coronal
dual echo turbo spin echo (DETSE) sequence, with a TR/TE of
2900 ms/15 ms and 80 ms, 15 cm  15 cm FOV, 3 mm slice thick-
ness, 0.6 mm gap and 0.59 mm  0.59 mm pixel size, and sagittal
and coronal Short Tau Inversion Recovery (STIR) sequences with a
TR/TE/TI of 2900 ms/15 ms/160 ms, 15 cm  15 cm FOV, 3 mm slice
thickness, 0.6 mm gap and 0.29 mm  0.29 mm pixel size were
acquired. Quality control of the MRI scanner was performed at each
scan using volumetric phantoms attached to the knee using a
standardized and calibrated uniformity and linearity phantom.
MRI assessment
Of the 120 participants, 20 patient IDs were randomly selected
for reliability assessment with 10 randomly chosen from the sur-
gical treatment arm and 10 from the non-surgical treatment arm.
Of these 20 patients, two had two visits (baseline and year 2), nine
had three visits (baseline, year 2 and year 5), one had ﬁve visits
(ﬁrst ﬁve visits but not the 5 year visit) and seven had all six visits
available. In total, 87 visits were used for the reliability exercise.
All available MRIs were read primarily by one musculoskeletal
radiologist (FWR) with 11 years experience in standardized semi-
quantitative MRI assessment of knee OA. The intra-observer reli-
ability exercise was performed 2 months after the initial scoring
with MRIs being presented to the reader in random order. A second
radiologist (AG) with 13 years experience of semiquantitative OA
assessment read these same 20 cases in random order for the inter-
observer reliability assessment. All visits were read for all partici-
pants. The readers were blinded to patient’s name and date of birth.
Blinding to treatment was not possible as the readers were able to
see post-surgical changes such as susceptibility artifacts and ACL
graft. Readings were commenced after two separate 2-h training
sessions of calibration between the readers using 20 different cases
from the KANON trial. All features were assessed in at least two
perpendicular imaging planes. All readings were done with the
chronological order of visits unblinded to the readers in order to
maximize sensitivity to detect change24.
Readings were performed using the cine-loop function on a
standard clinical PACS system (GE Healthcare, Centricity, Barring-
ton, IL). Scores were recorded electronically on a designated custom-
developed score sheet (MS Access, Microsoft, Redmond, WA).
Images were scored with respect to articular features that are
relevant to a.) baseline injury pattern and longitudinal follow-up of
those features and b.) incident degenerative features reﬂecting
structural damage associated with OA. Features assessed were
osteochondral surface damage at baseline including subchondral
BMLs (i.e., bone contusions), cartilage morphology, longitudinal
assessment of subchondral traumatic BMLs for visits one through
six, degenerative BMLs, native ACL and PCL, ACL graft, collateral
ligaments (only at baseline and visit six), femoral and tibial tunnels,
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ondary instability (increased angulation of PCL and anterior tibial
shift20,21). A detailed description of ACLOAS is presented in
Appendix 1.Analytic approach
Intra- and inter-observer reliability was determined using
weighted (w) kappa statistics for compartments (medial tibio-
femoral, lateral tibio-femoral, patello-femoral). CicchettieAllison
weights were used to compute the weighted kappa coefﬁcients.
95% conﬁdence intervals of weighted kappa were calculated in
addition. As the low prevalence of certain features may adversely
affect the kappa results, the overall percent agreement was calcu-
lated in addition. Analyses were performed in a cross-sectional
fashion for the baseline visit, for all time points and longitudinally
for features changing. All statistical analyses were done using SAS
software (Version 9.1 for Windows; SAS Institute, Cary, NC).Results
Demographics
Patients in the surgical treatment arm (n ¼ 62) were on average
26.3  5.1 years old and 12 (19%) were female. The 20 patients that
were included in the reliability exercise were on average 27.0  6.1
years old (range 19.0e34.3) and 4 (20%) of these were women.
Mean body mass index was 24.4  3.2. In regard to de-
mographics, patients treated with rehabilitation plus optional
delayed ACL reconstruction (n ¼ 59) and the subgroup of 20 pa-
tients that were used for the reliability exercise did not differ sta-
tistically signiﬁcant from the surgically treated group.Reliability
Summarizing the results, the large majority of the measures
showed substantial (0.61e0.8) or reached perfect agreement
(0.81e1.0) according to the criteria suggested by Landis and Koch25.
The majority of features were scored with overall percent agree-
ment above 80% for both the intra- and inter-reader exercise.
Detailed reliability results for assessment of the different features
are presented in Tables IeVII.Whilemost features were scoredwith
high cross-sectional and longitudinal reliability we found Hoffa-
and effusion-synovitis assessment the least reliable feature with a
mean kappa value of 0.66 and mean percent agreement of 65.4%.
There was no feature that was unequivocally scored with higher
reliability than others.Table I
Cross-sectional and longitudinal intra- and inter-observer reliability of cartilage assessm
Location Time point Intra-observer
kappa (95%CI)
Medial TFJ Baseline 0.70 (0.12, 1.00)
All time points 0.64 (0.44, 0.84)
Change longitudinal 0.77 (0.56, 0.98)
Lateral TFJ Baseline 1.00 (1.00, 1.00)
All time points 0.88 (0.74, 1.00)
Change longitudinal 0.83 (0.62, 1.00)
PFJ Baseline 0.92 (0.86, 0.98)
All time points 0.93 (0.88, 0.99)
Change longitudinal 0.80 (0.60, 0.99)For cartilage, intra- and inter-reader reliability on a compart-
mental level ranged between 0.64 (intra-reader, medial tibio-
femoral joint (TFJ), all time points) and 1.00 (several). Assessment
of changewas scoredwith a reliability of 0.65 (inter-reader, patello-
femoral joint (PFJ)) to 0.94 (inter-observer lateral TFJ). Percent
agreement ranged between 95% and 100% for all types of assess-
ments as shown in Table I.
Baseline type of osteochondral damage was scored with reli-
ability of 0.80 (inter-reader, lateral TFJ) to 1.00 (intra- and inter-
reader PFJ) with percent agreement ranging from 94% to 100%
(Table II). Size of baseline traumatic BMLs was scored from 0.66 to
0.91 with percent agreement between 88.6% and 99.7%, which is
also presented in Table II. Degenerative BML were assessed with
high reliability from 0.67 (inter-reader, lateral TFJ, all time points)
to 1.00 (several) and percent agreement between 95.9% and 100% as
depicted in Table III.
Table IV gives an overview of the results for meniscal assess-
ment with meniscal morphology ranging between 0.82 (inter-
reader, lateral meniscus, baseline) and 1.00 (intra-reader, lateral
meniscus, baseline). Overall percent agreement for the different
measures of meniscal morphology was between 94.1% and 100%.
Meniscal extrusion ranged between 0.56 (intra-reader, all time
points) and 1.00 (inter-reader, baseline) with percent agreement
between 96.4% and 100%.
Osteophyte scoring proved to be slightly less reliable ranging
between 0.68 and 0.76 for scoring of change with overall percent
agreement for all types of assessment (i.e., baseline, all time points,
change) ranging between 88.3% (intra-reader, lateral TFJ, all time
points) and 100% (intra- and inter-reader, medial TFJ, baseline) as
shown in Table V.
Ligament and graft assessment showed results between 0.59
(inter-reader, native ACL, change) and 1.00 (several) with percent
agreement ranging from 81.7% (inter-reader, tunnel, change) to
100% (several). Detailed results are shown in Table VI.
Effusion-synovitis and Hoffa-synovitis scoring was slightly less
reliable with w-kappa values between 0.46 (inter-reader, effusion,
baseline) and 0.85 (intra-reader, effusion, all time points) and
percent agreement ranging from 43.3% (inter-reader, effusion,
change) to 82.8% (intra-reader, effusion, all time points) as shown
in Table VII.Discussion
We present a novel MRI-based scoring instrument, ACLOAS, that
is applicable for acute ACL injury and subsequent follow-up. It
shows similar reliability compared to commonly used validated OA
scoring tools14e17 and covers a multitude of joint parameters
including e.g., baseline injury pattern, ligament and graft status,ent
Inter-observer
Percent
agreement
kappa (95%CI) Percent
agreement
99.0% 0.70 (0.12, 1.00) 99.0%
97.5% 0.64 (0.45, 0.83) 97.2%
98.5% 0.79 (0.61, 0.96) 98.2%
100.0% 1.00 (1.00, 1.00) 100.0%
99.3% 0.96 (0.92, 1.00) 99.3%
99.1% 0.94 (0.86, 1.00) 99.1%
97.5% 0.92 (0.86, 0.98) 97.5%
97.4% 0.89 (0.82, 0.96) 96.8%
96.6% 0.65 (0.41, 0.90) 95.0%
Table II
Cross-sectional and longitudinal intra- and inter-observer reliability of osteochondral injury type and size (including traumatic bone marrow lesions)
Location Time points Intra-observer Inter-observer
w-kappa (95%CI) Percent
agreement
w-kappa (95%CI) Percent
agreement
Medial TFJ e type Baseline 1.00 (1.00, 1.00) 100.0% 0.95 (0.85, 1.00) 99.0%
Lateral TFJ e type Baseline 0.89 (0.76, 1.00) 97.0% 0.80 (0.66, 0.95) 94.0%
PFJ e type Baseline 1.00 (1.00, 1.00) 100.0% 1.00 (1.00, 1.00) 100.0%
Medial TFJ e size Baseline 0.87 (0.78, 0.96) 91.0% 0.87 (0.77, 0.96) 91.0%
All time points 0.89 (0.82, 0.95) 96.8% 0.90 (0.84, 0.96) 97.0%
Change longitudinal 0.87 (0.82, 0.92) 90.4% 0.85 (0.80, 0.90) 89.5%
Lateral TFJ e size Baseline 0.92 (0.86, 0.99) 94.0% 0.88 (0.81, 0.96) 89.0%
All time points 0.94 (0.91, 0.98) 97.9% 0.91 (0.86, 0.95) 95.9%
Change longitudinal 0.45 (0.14, 0.76) 96.6% 0.75 (0.42, 1.00) 99.3%
PFJ e size Baseline 0.66 (0.24, 1.00) 96.3% 0.79 (0.40, 1.00) 98.8%
All time points 0.75 (0.45, 1.00) 99.1% 0.86 (0.58, 1.00) 99.7%
Change longitudinal 0.91 (0.88, 0.95) 92.8% 0.88 (0.84, 0.92) 88.6%
F.W. Roemer et al. / Osteoarthritis and Cartilage 22 (2014) 668e682 671and incident features of joint damage accrued over time. While
several OA scoring tools are available, these do not cover features
relevant for cross-sectional and longitudinal assessment in this
speciﬁc patient population14,15,17.
ACL disruption is a severe injury in a young active population
with high socio-economic impact1,22. A signiﬁcant proportion of
patients will develop post-traumatic OA at young age4e8. Few risk
factors for structural joint deterioration and OA development have
been identiﬁed including associated baseline tissue damage such as
meniscal and osteochondral injury, biomechanical factors and time
from injury12,18. As MRI is now widely available in a research and
clinical setting, we believe that ACLOAS will allow a more detailed
assessment of structural damage and facilitate understanding of
the natural history of ACL injury and subsequent OA development.Table III
Degenerative BMLs (only V2eV6)
Location Time point Intra-observer
w-kappa (95%CI)
Medial TFJ Visit 2 0.86 (0.74, 0.97)
All time points 0.89 (0.77, 1.00)
Change longitudinal 1.00 (1.00, 1.00)
Lateral TFJ Visit 2 1.00 (1.00, 1.00)
All time points 1.00 (1.00, 1.00)
Change longitudinal 1.00 (1.00, 1.00)
PFJ Visit 2 1.00 (1.00, 1.00)
All time points 0.87 (0.77, 0.97)
Change longitudinal 0.80 (0.63, 0.96)
Table IV
Cross-sectional and longitudinal intra- and inter-observer reliability of meniscal morpho
Structural feature/Location Time point In
w
Medial Meniscus Morphology Baseline 0.
All time points 0.
Change longitudinal 0.
Lateral Meniscus Morphology Baseline 1.
All time points 0.
Change longitudinal 0.
Medial and lateral Extrusion Baseline 0.
All time points 0.
Change longitudinal 0.
Meniscal and popliteal cysts and loose bodies Baseline 1.
All time points 0.
Change longitudinal 0.We have based development of ACLOAS on experience with
other established scoring instruments, speciﬁcally the WORMS and
MOAKS scoring tools14,17. We have modiﬁed several parameters of
these instruments and have added important features that are, or
might be, of relevance for baseline injury description and structural
follow-up. Thus, we have included a detailed description of base-
line osteochondral injury pattern, including articular surface
damage and subchondral bone marrow changes (i.e., post-trau-
matic BMLs or contusions). Most of these traumatic BMLs will heal
without sequelae within the ﬁrst 2 years, but articular surface
damage seems to expose the joint to increased vulnerability and
premature degeneration18,26. We introduce a detailed and novel
differentiation of traumatic and degenerative BMLs in order to
better understand the relevance of each. While similar inInter-observer
Percent
agreement
w-kappa (95%CI) Percent
agreement
99.0% 0.80 (0.35, 1.00) 99.0%
99.7% 0.86 (0.56, 1.00) 99.7%
100.0% 1.00 (1.00, 1.00) 100.0%
100.0% 0.00 (0.00, 0.00) 99.0%
100.0% 0.67 (0.05, 1.00) 99.7%
100.0% 1.00 (1.00, 1.00) 100.0%
100.0% 1.00 (1.00, 1.00) 100.0%
97.8% 0.83 (0.75, 0.90) 97.1%
97.0% 0.69 (0.50, 0.87) 95.9%
logy and extrusion assessment
tra-observer Inter-observer
-kappa (95%CI) Percent
agreement
w-kappa (95%CI) Percent
agreement
97 (0.90, 1.00) 98.2% 0.85 (0.60, 1.00) 96.5%
96 (0.90, 1.00) 98.4% 0.90 (0.83, 0.97) 95.9%
93 (0.85, 1.00) 96.8% 0.90 (0.83, 0.97) 94.1%
00 (1.00, 1.00) 100.0% 0.82 (0.61, 1.00) 96.5%
94 (0.86, 1.00) 99.2% 0.89 (0.80, 0.99) 97.5%
91 (0.79, 1.00) 98.9% 0.84 (0.71, 0.98) 95.2%
66 (0.04, 1.00) 98.2% 1.00 (1.00, 1.00) 100.0%
56 (0.25, 0.87) 96.4% 0.88 (0.75, 1.00) 98.8%
66 (0.30, 1.00) 98.5% 0.66 (0.30, 1.00) 98.5%
00 (1.00, 1.00) 100.0% 1.00 (1.00, 1.00) 100.0%
91 (0.79, 1.00) 99.4% 1.00 (1.00, 1.00) 100.0%
80 (0.49, 1.00) 99.2% 1.00 (1.00, 1.00) 100.0%
Table VI
Ligaments and graft
Structural feature Time points Intra-observer Inter-observer
w-kappa (95%CI) Percent
agreement
w-kappa (95%CI) Percent
agreement
ACL Baseline 1.00 (1.00, 1.00) 100.0% 1.00 (1.00, 1.00) 100.0%
All time points 1.00 (1.00, 1.00) 100.0% 0.84 (0.63, 1.00) 90.0%
Change longitudinal 1.00 (1.00, 1.00) 100.0% 0.59 (0.15, 1.00) 84.6%
Graft Baseline 1.00 (1.00, 1.00) 100.0% 1.00 (1.00, 1.00) 100.0%
All time points 0.96 (0.87, 1.00) 97.3% 0.96 (0.87, 1.00) 97.3%
Change longitudinal 0.85 (0.54, 1.00) 95.8% 0.85 (0.54, 1.00) 95.8%
Tunnels/BML in S region Baseline 0.92 (0.85, 0.99) 91.1% 0.89 (0.82, 0.97) 87.5%
All time points 0.90 (0.84, 0.95) 92.6% 0.88 (0.81, 0.94) 91.2%
Change longitudinal 0.89 (0.84, 0.94) 85.8% 0.84 (0.76, 0.91) 81.7%
PCL and collateral ligaments Baseline 0.84 (0.73, 0.96) 87.3% 0.86 (0.74, 0.99) 90.9%
All time points 0.84 (0.73, 0.95) 88.6% 0.85 (0.74, 0.98) 91.4%
Change longitudinal 0.89 (0.81, 0.97) 93.6% 0.90 (0.81, 0.98) 95.2%
Increased angulation of PCL/anterior tibial shift* 5 year visit only 1.00 (1.00, 1.00) 100.0% 0.87 (0.63, 1.00) 97.3%
5 year visit only 1.00 (1.00, 1.00) 100.0% 0.87 (0.63, 1.00) 97.3%
* Assessed only at V6. Dichotomous analysis, simple kappa.
Table V
Cross-sectional and longitudinal intra- and inter-observer reliability of osteophyte assessment
Location Time point Intra-observer Inter-observer
w-kappa (95%CI) Percent
agreement
w-kappa (95%CI) Percent
agreement
Medial TFJ Baseline 1.00 (1.00, 1.00) 100.0% 1.00 (1.00, 1.00) 100.0%
All time points 0.78 (0.67, 0.89) 94.6% 0.73 (0.62, 0.84) 93.4%
Change longitudinal 0.76 (0.64, 0.87) 93.0% 0.71 (0.59, 0.82) 91.4%
Lateral TFJ Baseline 0.49 (0.15, 0.84) 97.4% 0.66 (0.66, 0.67) 98.7%
All time points 0.68 (0.59, 0.77) 88.3% 0.68 (0.59, 0.76) 90.1%
Change longitudinal 0.72 (0.63, 0.82) 89.5% 0.68 (0.58, 0.78) 89.1%
PFJ Baseline 0.85 (0.56, 1.00) 98.8% 0.85 (0.56, 1.00) 98.8%
All time points 0.87 (0.80, 0.93) 96.0% 0.79 (0.71, 0.87) 93.9%
Change longitudinal 0.76 (0.66, 0.86) 93.3% 0.73 (0.63, 0.82) 92.9%
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chondral bonemarrow), expert radiologists are able to differentiate
these lesions based on imaging appearance. These characteristics
include their geographic pattern, i.e., traumatic lesions being
diffuse and reticular in appearance, while degenerative lesions are
located directly subchondral. Degenerative lesions are more cir-
cumscribed, more commonly associated with cartilage damage and
may exhibit cystic components27. Due to some overlap in regard to
these imaging characteristics we acknowledge that a deﬁnite
diagnosis is not always possible. However, our results suggest that a
differentiation can be achieved with adequate reliability.
Meniscal injury is a common concomitant feature of ACL
disruption and for this reason we have included several types of
meniscal damage such as bucket-handle and other displaced tears,
meniscal repair and progressive meniscal substance loss17. A visual
differentiation between partial meniscectomy and partial macera-
tion is not possible but in most cases, meniscus scores could be
compared to surgical data in longitudinal trials. We also acknowl-
edge that meniscal repair may often only be diagnosed when clearTable VII
Effusion-synovitis and Hoffa-synovitis
Structural feature Time points Intra-observer
w-kappa (95%CI)
Effusion-synovitis Baseline 0.80 (0.62, 0.98)
All time points 0.85 (0.78, 0.92)
Change longitudinal 0.80 (0.72, 0.88)
Hoffa-synovitis Baseline 0.52 (0.23, 0.80)
All time points 0.54 (0.42, 0.66)
Change longitudinal 0.65 (0.54, 0.76)signs of previous surgery such as susceptibility artifacts are
apparent and thus, information on previous surgery will help in
meniscal assessment28. However, in the current study the readers
were blinded to information on meniscal surgery.
The KANON study is a randomized trial comparing a surgical
and non-surgical treatment strategy which affected ligament
assessment. Thus, we included detailed evaluation of the native
ligament as well as the graft, and also assessed the tibial and
femoral tunnels (for the surgically treated joints) as well as the
subspinous (SS) region (for the non-surgically treated joints). We
are aware that ACLOAS, although comprehensive in its design, does
not incorporate all possible parameters of acute ACL injury and
follow-up such as tunnel placement, injury to the postero-lateral
corner structures, post-traumatic osteonecrosis or post-surgical
complications such as arthroﬁbrosis29,30. However, ACLOAS is a ﬁrst
step in deﬁning a comprehensive scoring system that may need to
evolve and be modiﬁed in future adaptations.
We used a detailed osteophyte assessment of a scale incorpo-
rating 8 grades to cover a broad range of subtle changes. FutureInter-observer
Percent
agreement
w-kappa (95%CI) Percent
agreement
80.0% 0.56 (0.34, 0.79) 55.0%
82.8% 0.75 (0.66, 0.84) 71.3%
73.1% 0.59 (0.49, 0.69) 43.3%
60.0% 0.46 (0.12, 0.79) 60.0%
52.2% 0.60 (0.48, 0.72) 63.2%
69.0% 0.75 (0.65, 0.86) 74.6%
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higher grade osteophyte assessment which may not be expected in
a young patient population. Also, use of within-grade scoring of
change was not applied in this ﬁrst version of ACLOAS although it
has been used in large OA studies in order to increase sensitivity to
detect change. This, and will be an option in future modiﬁcations of
the instrument31.
Overall, the intra- and inter-observer reliability was excellent
with several features reaching 100% agreement, but also some
features exhibiting w-kappa values of 0. This large range is based on
the fact that only a minority of joints developed OA features over
the relatively short time after injury and the low frequency of these
features likely inﬂuenced the kappa calculations32. For this reason
we have also described overall percent agreement that more real-
istically covers agreement between readers in such a scenario33.
The different features assessed showed comparable reliability with
the only exception being scoring of Hoffa- and effusion-synovitis.
Reason for this ﬁnding could be that signal changes in Hoffa’s fat
pad are non-speciﬁc and represent a range of normal variants but
also pathology. Post-surgical scarring is commonly encountered
and cannot be differentiated from synovial thickening due to
inﬂammation. Contrast-enhanced MRI would help to assess these
changes in more detail but was not part of the KANON protocol. We
can only speculate why reliability of effusion scoring was some-
what lower compared to other features but assume that the difﬁ-
culty in differentiating physiologic intraarticular joint ﬂuid from
low grade effusion may partly account for this ﬁnding. We used a
compartmental approach for the reliability assessment, which re-
ﬂects on the injurymechanismwith the lateral TFJ commonly being
affected and the medial compartment less frequently34e36. We
have described cross-sectional reliability for baseline features and
for all time points as well as scoring of change between time points,
which gives a comprehensive picture of longitudinal applicability
of the tool.We did not analyze the reliability of ACLOAS for multiple
readers but focused on two readers, which is a common number of
observers used in studies includingMRI assessment. A single reader
may be used to grade MRI features with the ACLOAS tool as long as
training and calibration preceded the readings and a reliability
exercise is part of the study design.
The KANON study used a standard 1.5 T MRI system that is
available at most clinical centers. Reliability of the ACLOAS using
dedicated extremity systems and 3 T scanners remains to be shown
but should be expected in agreement with the experience with
other OA scoring tools and assessment of traumatic knee injury37,38.
Further, recently introduced 3D fast spin echo sequences could
probably also be used for ACLOAS assessment as initial experience
with these sequences in OA assessment showed comparable results
to scoring of standard 2D sequences39,40.
In conclusion, we have introduced a novel MRI-based scoring
instrument for assessment of acute traumatic joint damage in ACL
injury that may also be applied to longitudinal assessment
including both traumatic and degenerative features. ACLOAS
showed excellent cross-sectional and longitudinal reliability.
Additional validation of this tool is needed to reﬁne the different
dimensions of ACLOAS with regard to applicability and relevance of
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Appendix 1
Description of ACLOAS
Subregional joint division and locations of scoring:
All available sequences are used to assess the articular cartilage
surfaces including type of baseline osteochondral injury and pre-
existing or incident cartilage lesions. Subchondral traumatic and
degenerative BMLs are assessed using fat suppressed water sensi-
tive sequences such as STIR, proton density or T2 weighted se-
quences. These may be two- or three dimensional in regard to
acquisition39,40. Cartilage, osteochondral injury and BMLs are
scored in 14 articular subregions, while osteophytes are assessed at
eight deﬁned locations or sites.
The patella is divided into two subregions, the medial and
lateral patella on axial images. The patellar apex is allocated to the
medial subregion. As there were no axial sequences available in the
KANON study, the localizer was used for identiﬁcation of themedial
and lateral subregion in cases of uncertainty (Fig. 1).
The femur is divided into six subregions: the medial and lateral
trochlea (i.e., anterior femur), the medial and lateral central femur,
and the medial and lateral posterior femur.
The trochlea is deﬁned as the femoral articular surface of the
patello-femoral joint. For the division between the trochlea and
central regions, on the sagittal image a line is drawn tangentially to
the anterior aspect of the proximal tibia (at the margin of the tibial
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tween the central weight bearing femur and the posterior femur is
a line constructed vertically from the posterior aspect of the tibia
(Fig. 2). This subdivision is based on scoring mechanically stable
knees. In ACL injury ligamentous deﬁciency may lead to anterior
tibial shift, which has to be accounted for in the subregional divi-
sion on an individual basis.
Anterior and posterior tibial margins are deﬁned irrespective of
the presence of osteophytes.
The femoral notch is deﬁned as being part of the medial femur
(Fig. 3).
The superior border of the femur is the line connecting the
anterior and posterior osteochondral junctions. The posterior
border of the trochlea region is the line from the articular surface
division between the trochlea and the central femur and mid-point
of the line deﬁning the superior border.
The tibia is divided into three medial (anterior, central and
posterior) and three lateral (anterior, central and posterior) sub-
regions covered by articular cartilage, and the subspinous subre-
gion (called SS-region delineated by the tibial spines). For the
anterior, central and posterior divisions the tibia is divided into
equal thirds excluding the presence of osteophytes.
Osteophytes are evaluated on T1 weighted non-fat suppressed
or gradient-echo sequences. Osteophytes are assessed in the
sagittal plane at eight deﬁned locations: superior and inferior pa-
tella pole, anterior and posterior medial and lateral tibia, anterior
medial and lateral femur. In the coronal planemarginal osteophytes
are scored at four locations at themedial and lateral femur and tibia
on a mid-coronal slice.
Grading of different features of baseline and longitudinal follow-
up:
Cartilage. Cartilage integrity or damage will be assessed at
baseline and the following visits using a single score that is based
on a percentage of affected area of any given subregion. Focal de-
fects are differentiated frommore diffuse damage. Further, depth of
cartilage lesion is taken into account. Any subregion is scored ac-
cording to worst grade within subregion. Cartilage will be scored
from 0 to 6 based on experience with other OA scoring systems14,17:
0 ¼ Normal cartilage.
2.0 ¼ Focal partial-thickness defect (10% of subregional area
affected)
2.5 ¼ Focal full-thickness defect (10% of subregional area
affected)
3 ¼ Multiple areas of partial-thickness (Grade 2.0) defects and
areas of normal thickness in subregion, or a Grade 2.0 defect 10%
but <75% of the subregion
4 ¼ Diffuse partial-thickness loss (75% of subregion)
5¼Multiple areas of full-thickness loss (grade 2.5) or a grade 2.5
lesion 10% but <75% of the subregion
6 ¼ Diffuse full-thickness loss (75% of subregion)
Intrachondral signal alterations are not scored as these are
sequence speciﬁc and role of intrachondral signal changes has not
been clariﬁed to date10. An example of incident post-traumatic
cartilage damage is presented in Fig. 4.
Traumatic articular surface damage and traumatic and
degenerative subchondral bone marrow lesions. ACLOAS differ-
entiates traumatic osteochondral surface damage including sub-
chondral traumatic BMLs (i.e., bone contusions) and fractures from
degenerative incident BMLs.
Osteochondral surface damage is only assessed at the baseline
visit and is assessed in two dimensions, i.e., type of injury and size.
Type of injury is assessed only at the baseline visit and is scored
from 0 to 4 (Fig. 5):
0 ¼ Normal articular surface, subchondral traumatic BML only1 ¼ Subchondral fracture
2 ¼ Osteochondral depression with intact articular surface
3 ¼ Osteochondral depression with disrupted articular surface
4 ¼ Detached osteochondral fracture
Injury size is referring to the accompanying traumatic BML,
which scored from 0 to 3 according to percentage of volume
involved by lesion per subregion:
0 ¼ Absent
1 ¼ Mild: <33% of subregional volume involved
2 ¼ Moderate: 33e66% of subregional volume involved
3 ¼ Severe: >66% of subregional volume involved
Traumatic BMLs are deﬁned as reticular ill-deﬁned hyperin-
tense lesions on STIR or other water sensitive fat suppressed se-
quences that decrease in size over time26,41,42. These are usually
located at least partly adjacent to the subchondral plate, but not in
all circumstances as they are a result of indirect trauma of opposing
bones or articular surface during the injury34. Commonly these are
located in the central lateral femur, the posterior lateral tibia and
less frequently in the central medial femur and posterior medial
tibia34,43. They may extend diffusely into the juxtaarticular
epiphysis.
Degenerative BMLs are assessed in identical fashion as trau-
matic BMLs from 0 to 3 based on percentage of subregional vol-
ume involved. Degenerative BMLs are deﬁned as incident lesions
during the follow-up period. These have to be located in a directly
subchondral area, often adjacent to pre-existing or incident
cartilage lesions27. These may or may not have a cystic component
and both components are summarized as BML in ACLOAS. BMLs
that are evolving into cysts without an ill-deﬁned component are
also considered “BMLs” in ACLOAS. Pre-existing subchondral cysts
are ignored. Degenerative BMLs are scored for all follow-up visits,
but not baseline. In a patient population that is markedly older
than the KANON cohort baseline scoring of degenerative BMLs
might be considered. Examples of degenerative BMLs are pre-
sented in Fig. 6.
Osteophytes. Osteophytes will be scored from 0 to 7 according
to their size at 12 deﬁned locations: the anterior medial and lateral
femur, the anterior and posterior tibial plateau, the superior and
inferior patellar pole and the medial and lateral femur and tibia in
on a mid-coronal slice (Fig. 7).
0 ¼ Absent
1 ¼ Equivocal or questionable osteophyte
2 ¼ Small beak-like deﬁnite osteophyte
3 ¼ Small-moderate osteophyte
4 ¼ Moderate osteophyte
5 ¼ Moderate-large osteophyte
6 ¼ Large osteophyte
7 ¼ Very large osteophyte
As subtle incident changes are expected to evolve in the follow
period this detailed grading system is preferable to a more
simpliﬁed scheme in order to increase sensitivity to change.
Ligaments and ACL graft
Collateral ligaments: Coronal STIR or other water sensitive fat
suppressed sequences are used to score the medial and lateral
collateral ligament. These are being assessed only at the baseline
visit and the last follow-up visit as most of these are low grade and
heal without structural sequelae. Collateral ligaments are scored
from 0 to 3:
0 ¼ Continuous ligament with normal signal, no surrounding
hyperintensity/edema
1 ¼ Continuous ligament with normal signal, surrounding
hyperintensity reﬂecting edema and/or hematoma
Fig. 1. Subregional division of the patella using the localizer sequence. The patellar apex is part of the medial patellar subregion. In studies not applying axial sequences, a clear
differentiation between medial and lateral patella may be challenging. In such equivocal cases the localizer sequence may help to differentiate medial from lateral as shown in this
example. A. Sagittal STIR image shows bone marrow alterations after bone-tendon-bone graft harvesting (arrow). Differentiation into medial or lateral is not possible using only
sagittal image. B. Localizer clearly shows that lesion is located in the lateral patellar subregion as depicted by the dotted reference line.
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3 ¼ Complete disruption
Formerly injured collateral ligaments may appear thickened at
the follow-up visit, which is scored as normal.
ACL: The native ACL is scored from 0 to 3 for all visits following
the baseline visit:
0 ¼ Normal ligament with hypointense signal and regular
thickness and continuity
1 ¼ Thickened ligament and/or high intraligamentous signal
with normal course and continuity
2 ¼ Thinned or elongated but continuous ligament
3 ¼ Absent ligament or complete discontinuityFig. 2. Subregional division in the sagittal plane. The medial and lateral tibia is sub-
divided into three equal subregions, termed anterior, central and posterior. Image
shows example for the lateral tibio-femoral compartment (alF e anterior lateral femur,
clF e central lateral femur, plF eposterior lateral femur). The femur is divided into an
anterior (trochlear), central and posterior subregion, medially and laterally. Borders
between femoral subregions are deﬁned by a perpendicular line to the anterior and
posterior edges of the tibial plateau. The mid-point between the anterior and posterior
osteochondral femoral junctions deﬁnes the proximal subdivision of the three
subregions.Scoring of the native ACL is based on patient inclusion with all
participants having a complete ACL disruption at baseline. In future
studies additional subdivision for baseline trauma may be consid-
ered using the same scale as presented for the collateral ligaments,
which will be coded as traumatic ACL 1t, 2t and 3t.
ACL graft: The graft is assessed according to signal and conti-
nuity from 0 to 3:
0 ¼ Hypointense, regular thickness
1 ¼ Hyperintense, regular thickness
2 ¼ Thinned or elongated graft
3 ¼ Graft failure, complete discontinuity
Examples of graft evaluation are given in Fig. 8.
Placement of tibial or femoral tunnels was not scored in the
current study but may be considered in future assessments.
PCL: The PCL is scored in identical fashion than the native ACL.Fig. 3. Subregional division in the coronal plane into ﬁve distinct subregions. The
femoral notch is part of the medial femur as shown in this example. The subspinous
(SS) tibial subregion is deﬁned by the tibial spines.
Fig. 4. A. Evolution of cartilage damage over time. A. Baseline sagittal STIR image shows typical traumatic BMLs in the posterior and central lateral tibia and the central lateral femur
(arrows). Note that trochlea cartilage surface is intact at the time of injury. B. Follow-up examination at year two reveals complete regression of traumatic bone marrow changes.
Susceptibility artifacts at femoral ﬁxation screw conﬁrm surgical ACL repair (arrow). C. At the 5 year follow-up visit partial delamination of trochlear cartilage is observed (arrow).
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might potentially be injured including postero-lateral corner
structures are not assessed.
The tibial and femoral tunnels are assessed in regard to adjacent
bone marrow edema and cysts. These will be scored as present or
absent (Fig. 9).
In addition to ligament and graft assessment indirect signs of
instability, i.e., anterior tibial shift and increased bowing of PCL, areFig. 5. Baseline osteochondral surface damage. A. Sagittal STIR image shows osteochondra
BMLs in the central/anterior lateral femur and the posterior tibia (arrowheads). Finding is th
radiographic assessment36. B. Coronal STIR image shows subchondral fracture without a
hyperintense area of traumatic BML (arrowheads). C. Sagittal STIR image shows a subchond
the injury biomechanics34,47. Note cortical disruption without damage to the articular sur
extending to the central subregion. D. Osteochondral fracture with surface disruption at the p
and the chondral articular surface is depicted (arrow). There is a discrete osteochondral descored on sagittal images as described by Gentili et al. and Vahey
et al.20,21. Examples are shown in Fig. 10.
Meniscal morphology and extrusion
Morphology: Morphology is assessed for the medial and lateral
meniscus at the anterior, body and posterior horn. The anterior and
posterior horn regions are scored using the sagittal sequences and
the body is scored using the coronal sequences. Morphologicl depression (arrow) with intact articular surface. Note classic concomitant traumatic
e equivalent to the term “deep lateral notch sign” in previous injury descriptions using
rticular surface damage. Fracture is depicted as a hypointense line (arrow) within a
ral fracture at the posterior lateral tibia a common ﬁnding in ACL injury and a result of
face (arrow). In addition, there is a large traumatic BML at the posterior lateral tibia
osterior medial tibia. A hypointense fracture line extending in to the subchondral plate
pression of the posterior fragment (arrowhead).
Fig. 6. Traumatic and degenerative BMLs. A. At baseline sagittal STIR image shows typical traumatic BMLs after ACL injury in the central lateral femur (arrow) and the lateral tibial
plateau (arrowhead). B. One year post trauma complete resolution of traumatic BMLs is observed. C. Five years post injury a degenerative BML has developed in the central lateral
femur (arrow). Note adjacent full-thickness cartilage lesion (arrowhead), a typical ﬁnding for degenerative BMLs.
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and degenerative morphology changes:
0 ¼ Normal meniscus with absence of tear, maceration and
hypointense signal
1 ¼ Intrameniscal hyperintensity not extending to meniscal
surface
2 ¼ Horizontal tear
3 ¼ Radial and vertical tear
4¼ Bucket-handle tear, displaced tear (including root tears) and
complex tears
5 ¼ Meniscal repair
6 ¼ Partial meniscectomy and partial maceration
7 ¼ Progressive partial maceration or re-partial meniscectomy
(i.e., loss of morphological substance of the meniscus) as compared
to the previous visitFig. 7. Osteophyte assessment. Osteophytes are scored at 12 locations, at the medial and l
medial and lateral posterior and anterior tibia, and the superior and inferior patellar pole. A
osteophytes. Note traumatic meniscal damage with meniscal extrusion laterally (arrowhead
At the 5 year visit increase in size is seen at the lateral femoral osteophyte and an incident o
osteophytes are scored at the anterior (black arrow) and posterior (white arrow) tibia and
sagittal plane for medial femoral (arrow) and tibial (arrowheads) osteophytes. F. Patellar os8 ¼ Complete maceration or resection. Several image examples
are presented in Fig. 11
Extrusion: Medial and lateral meniscal extrusion is scored from
0 to 2 on a mid-coronal slice where the medial tibial spine is largest
in relation to the edge of the tibial plateau.
0 ¼ No extrusion
1 ¼ Extrusion <50% of meniscal coronal length
2 ¼ 50% of meniscal coronal length
Effusion- and Hoffa-synovitis
Joint effusion (also called effusion-synovitis as it is not possible
to differentiate synovial thickening from intraarticular joint ﬂuid
on non contrast-enhanced sequences) will be scored on sagittal
images in a mid-line slice. The suprapatellar recess will be used as
point of reference. Effusion-synovitis will be scored from 0 to 3ateral tibia and femur in the coronal plane, the medial and lateral femur anterior, the
. Baseline coronal proton density weighted image shows absence of marginal or notch
). B. At the 2 year visit a small osteophyte has developed at the lateral femur (arrow). C.
steophyte is observed at the medial femur (arrowheads). D. In the lateral compartment
the anterior lateral femur (arrowhead). E. Locations for osteophyte assessment in the
teophytes are scored at the superior (arrowhead) and inferior (arrow) pole.
Fig. 8. Graft assessment. A. ACL grafts may exhibit signal hyperintensity initially (arrows), which is a common ﬁnding not necessarily associated with functional impairment19.
Persistent hyperintensity may indicate degeneration. B. Regular hypointense graft signal 4 years post surgery (arrowheads). Graft is continuous and not elongated.
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scoring of effusion-synovitis.
0 ¼ <2 mm
1 ¼ 2 and <5 mm
2 ¼ 5 and <10 mm
3 ¼ 10 mmFig. 9. Assessment of tibial and femoral tunnels after ACL repair. A. Sagittal STIR image sh
(arrows). B. Image depicts small cyst (arrow) adjacent to tibial tunnel (arrowhead) 26 mo
depicted (arrows). D. Femoral (arrows) and tibial (arrowheads) tunnel edema in a patient wSignal alterations in Hoffa’s fat pad are scored as a surrogate for
Hoffa-synovitis44,45. This abnormality is best described as diffuse
hyperintense signal on T2/PD/IW-w fat suppressed sequences
within the fat pad. It has to be noted that in addition to synovitis
these signal changes could also be attributed to other etiologies46.
Knees that have undergone arthroscopy or open ACL repair oftenows cystic lesion within osseous portion of ligament graft 2 years after ACL surgery
nths after ACL repair. C. Diffuse bone marrow edema surrounding the tibial tunnel is
ith ACL repair 1 year prior.
Fig. 10. Secondary signs of instability20,21. A. Increased angulation of PCL. An increased angulation of the PCL of more than 110 is considered an indirect sign of instability. In this
example the angulation is 113 degrees. Clinical examination conﬁrmed instability. B. Anterior tibial shift. Anterior tibial shift of 1 cm or more in regard to cartilage surface of the
posterior femoral condyle is graded as pathologic and a sign of ACL instability.
Fig. 11. Different types of meniscal damage. A. Sagittal T2 weighted image depicts a horizontal-oblique tear of the posterior horn of the medial meniscus (arrows). B. Coronal STIR
image shows a vertical tear of the body of the medial meniscus (arrow). C. Coronal STIR image shows bucket-handle tear of the medial meniscus. Meniscal fragment is ﬂipped into
the medial part of the intercondylar notch (arrow). D. Sagittal T2 weighted image shows so-called “double PCL” sign with the bucket-handle meniscal fragment (arrow) resembling a
second posterior cruciate ligament. Arrowhead points to native PCL. E. Sagittal GRE image shows complex tear of the medial posterior horn with tear extending to the superior and
inferior meniscal surface and to the posterior free edge (arrows). F. Coronal STIR image shows root tear of the medial posterior horn. Root tears are commonly accompanied by
severe meniscal subluxation. Note intrameniscal signal change within the posterior horn, a grade 1 lesion in ACLOAS. G. Baseline coronal STIR image shows large traumatic BMLs at
the lateral femur and tibia, but no meniscal damage. H. At 5 year follow-up meniscal maceration with substance loss of the medial meniscal body is shown (arrow). Note additional
meniscal extrusion grade 1 of the body of the medial meniscus (arrowhead). I. Baseline coronal T2 weighted image shows unremarkable bodies of the medial and lateral meniscus, J.
At the year two visit post-surgical changes visualized as partial meniscal substance loss due to partial mensicectomy are shown (arrow).
Fig. 12. Effusion-synovitis. Degree of capsular distension is assessed using measurements of ﬂuid equivalent signal in the suprapatellar recess. A. Sagittal STIR image shows grade 1
effusion (0.4 cm distension) in the suprapatellar recess (arrow). B. Grade 2 effusion in the suprapatellar recess (0.7 cm distension). C. Grade 3 effusion (1.2 cm distension) is shown.
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Fig. 13. Hoffa-synovitis. A. Sagittal STIR image shows circumscribed area of hyperintensity within Hoffa’s fat pad (arrows) representing a grade 1 lesion according to ACLOAS. B.
More diffuse hyperintensity (arrows) involving large parts of Hoffa’s fat pad is seen in this sagittal STIR image representing a grade 2 lesion. C. Diffuse hyperintense signal alterations
occupying nearly all of Hoffa’s fat pad are observed (arrowheads). This ﬁnding is equivalent to a grade 3 lesion according to ACLOAS. D. Post-surgical scar tissue cannot be
differentiated from synovitis as both will be visualized as hyperintense signal alterations (arrows). Grade 2 signal changes 1 year post ACL repair.
F.W. Roemer et al. / Osteoarthritis and Cartilage 22 (2014) 668e682680show scarring in Hoffa’s fat pad with concurrent signal alterations
on MRI. These signal changes cannot be distinguished from true
synovitis as only contrast-enhanced MRI is able to differentiate
between active inﬂammation and inactive scar tissue.
Hoffa-synovitis score is scored on a mid-line sagittal image as
one single score for assessment of degree of hyperintensity in
Hoffa’s fat pad.
Scoring is based on extent of signal changes:
0 ¼ Normal, only small physiologic vascular structures visible
1 ¼ Mild hyperintensity signal changes
2 ¼ Moderate hyperintensity signal changes
3 ¼ Severe hyperintensity signal changes
Examples of the different grades of Hoffa-synovitis are depicted
in Fig. 13.
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